INTRODUCTION
The Pan-Eurasian Experiment (PEEX) Program (www.atm.helsinki.fi/peex/) is an international, multidisciplinary, multiscale bottom-up initiative. The precursor idea of PEEX, first called as "Pan-Siberian Experiment", was released in 2011. The importance of the Siberia region and it's boreal (taiga) forests in the climate system was introduced by Kulmala et al. (2011) , who emphasized biogenic volatile organic compound (BVOC) emissions from the boreal forest, their connection to secondary aerosol formation process and aerosols in the cloud formation processes and in turn their effect on the radiation balance on GEOGRAPHY, ENVIRONMENT, SUSTAINABILITYthe Earth surface. Thus, the first idea was to organize a measurement program for aerosols, greenhouse gases (GHG) and BVOCs. It was also discussed that such type of program could serve as a starting point for establishing a more coherent, coordinated observation network extending from Scandinavia to China and with the focus on the understanding processes in the land-atmosphere interface. In 2012, this idea expanded to cover the whole Northern Eurasian geographical domain and evolved into PEEX (Kulmala et al. 2011; Lappalainen et al. 2014 .
GOVERNANCE
The promoter institutes of the PEEX Program have been the University of Helsinki (UHEL) and Finnish Meteorological Institute in Finland (FMI), Institute of Geography of the Moscow State University, AEROCOSMOS, and Institute of Atmospheric Optics (Siberian branch, the Russian Academy of Sciences (SB RAS)) in Russia, Institute of Remote Sensing and Digital Earth (RADI) of the Chinese Academy of Sciences (CAS) and Institute for Climate and Global Change Research of Nanjing University in China. The program governance and communications are coordinated by the PEEX Offices in Helsinki (PEEX Headquarters), in Moscow, in Beijing and in Nanjing. One of the main tasks of the PEEX Headquarters is to coordinate information flows and distribute information at different scales. In 2018, the PEEX office network is expected to expand and new offices or local contact points will be established Russia in cities of Vladivostok and Tyumen. The upcoming challenge will be the training of the new PEEX science officers to act as local contact points and to establish fluent information flows within the network. The Program Steering Committee consists of internationally recognized central scientists and research directors in their fields, who are overseeing and discussing the position of PEEX program in the international research and research infrastructure landscape. At an institutional level, the collaboration within PEEX is typically initiated by signing a Memorandum of Understanding (MoU) with the PEEX program. Up to this date, we have signed PEEXoriented Memorandum of Understanding (MoUs) with 30 and 5 universities or research institutes in Russia and China, respectively.
As a whole, the PEEX researchers' network includes approximately 4000 researchers from 20 countries in Europe, Russia and China. The network is currently dominated by the experts representing the atmospheric sciences. The near-future challenge in implementing the PEEX research agenda is the identification and integration of the socio-economic and marine researchers into the PEEX research community at a larger scale. The PEEX science conferences are the main forum for the research community to share their scientific outcomes. For the 3rd Science Conference (held in Moscow, September 2017), altogether 181 abstracts were submitted; of which 113 (63%) represented atmospheric sciences, 24 (13%) ocean sciences, and 44 (24%) socio-economics disciplines, including political and epidemiological sciences, research infrastructures (12; 7%), and university science oriented education (5; 3%).
In addition to the organization of the conferences, the work of the PEEX working groups (WG) is facilitated by organizing working ground meetings. So far, the ModellingPlatform (MP) WG and the Infrastructure WG have been the most active and their work has been mainly focused on the concept design of the modelling platform and on establishing the PEEX in-situ observation network in Russia. For example, the MP Working Group has almost 100 members from European, Russian, and Chinese institutions including international organizations (ECMWF, WMO) covering different multi-scales and types of models (in total more than 30 models). MP webpages at: https://www.atm.helsinki.fi/peex/index.php/ modelling-platform introduces the modelling platform overview, list of modelling tools and demonstrations, information on past meetings and sessions.
New working groups and community based activity as bottom-up activities are foreseen on topics like "environmental change and epidemics" and "connecting social parameters to atmospheric emissions". PEEX Headquartes is coordinating the PEEX network at different levels (researchers, institutes and organizations) and the governance activities together with other offices in Russia and in China. This activity is facilitated by different tools such as a website (www.atm.helsinki.fi/peex/), e-news-letter, 
RESEARCH
The main scientific mission of the PEEX program is to understand large-scale feedbacks and interactions between the land-atmosphere-ocean continuum in the changing climate of northern high latitude and in China . The PEEX Science Plan ; http://www.atm.helsinki.fi/peex/ images/PEEX_Science_Plan.pdf ) addresses the scientific aims and large-scale research questions of the program (Fig. 1) . The focal points in the PEEX research are e.g. on the net effects of various feedback mechanisms connecting the biosphere, atmosphere and human activities. These feedbacks can either hinder or speed up the climate change. Such feedbacks stem from higher temperature and increased concentration of GHG in the future. The climate change and associated feedbacks lead to further consequences, such as permafrost thawing, land cover changes, increased dissolved organic carbon content in freshwaters, acidification of the Arctic Ocean, increased photosynthetic activity, elevated GHG uptake by terrestrial ecosystems, increased BVOCs emissions, changes in secondary aerosol production, changes in cloud processes and their effects on the radiation budget as well as precipitation. and their BVOC emissions and subsequent aerosol formation processes (Fig. 2) . However, the based on "the degree of participation" and "the amount of collaboration by country" demonstrates an increasing international collaboration and the increasing collaboration between Finland, Russia and China (Fig. 3) . The future challenge is to expand the scientific coverage of the published results relevant to the PEEX research agenda and, in practice, initiate the research collaboration with socioeconomic research communities. One of the hot topics here has been the influence of the climatic factors on human health and to study "climatic factor and epidemics in the context of regional and global environmental changes", "climate and allergy plants flowering", "global warming and possible change of medicalgeographical situation" and "bioclimatic conditions and comfort for living in different regions". Furthermore, PEEX will develop new methods for the visualization of the scientific results in a compact informative form. 
RESEARCH INfRASTRUCTURE
Arctic -boreal infrastructure and common data formats
The main strategic challenge of the PEEX program is to initiate a comprehensive and coordinated research infrastructure in collaboration with the main partners in Russia and China. There is an urgent need for comprehensive, coordinated in-situ observations over the Arctic and Northern
Eurasian region detecting different fluxes, emissions and concentrations on greenhouse gases and atmospheric compounds between different Earth surfaces and atmosphere (Fig. 4) . In situ observations are providing complementary information to the satellite observations, which provide an overview on a large spatial scale, and both information flows are used together with modeling to create a complete understanding of the processes over the PEEX study area.
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The PEEX land-ecosystem in-situ network will be built upon complementary approaches. The coordination and upgrading of the existing station activities and establishing new SMEAR (Stations for Measuring Earth surface -Atmosphere Relations) -type stations will be based on a SMEAR concept (Hari et al. 2016) . The principles of the PEEX in-situ observation network, also as a part of the global observatory, were introduced by Hari et al. (2016) and . In reference to the "coordination and upgrading of the existing stations" in Russia, the collection of the preliminary information of the existing station activities started in 2012. The first inventory on more than 200 in situ stations operating in the Arctic and Subarctic Eurasian regions was conducted by the Russian Academy of Sciences (RAS) and Moscow State University together with the University of Helsinki (Alekseychik et al. 2016) . Based on the first inventory, we are currently collecting more detailed information, termed "station metadata" here. The station metadata includes detailed descriptions of variables from atmospheric and ecosystem (soil-forest-lake-urbanpeatland-taiga) measurements and from the observation site itself. This enables the categorization of the stations in a systematic manner, and it will provide tools to connect them to international observation networks, such as WMO-Global Atmospheric Watch Program, China Ecosystem Network (CERN) and global SMEAR network, and to carry out standardization work towards common data formats. Based on this work, PEEX will also publish a station e-catalog, which will give information on the on-going measurements and contact points and will initiate research collaboration between the research groups.
One of the most important relevant PEEX research infrastructure activity, focused mainly on Arctic regions, just started under the ERAPLANET (The European network for observing our changing planet) project (www.era-planet.eu) Horizon-2020 project (the Strand-4) "Integrative and Comprehensive Understanding on Polar Environments (iCUPE, www.atm.helsinki.fi/ icupe) and is led by University of Helsinki. The core idea of iCUPE is the development of novel, integrated, quality-controlled and harmonized in-situ observations and satellite data in the polar areas, including also data products for the end users.
In terms of the Arctic marine environment, the most relevant observations for PEEX will be collected from regions of the Russian Arctic, and in particular, the Siberian coastal regions. For this, good quality data on the current state and change of hydrography, sea ice and marine biology are needed. This is issue addressed by the PEEX marine concept, which is, similarly to the SMEAR measurement concept for the land-atmosphere surfaces, based on a hierarchical station network, but affected by the practical challenges in making longterm observations in and over the sea. The processes to be studied include the sea ice thermodynamics and dynamics, ocean heat and freshwater budgets, ocean circulation and hydrography, waves and tides, ocean chemistry and ecosystems, atmospheric heat and moisture budgets, synoptic-scale cyclones and Polar lows, tropospherestratosphere coupling, atmospheric boundary-layer processes, as well as aerosols and clouds (Vihma et al. 2014 ). An essential aspect of the development and operation of the PEEX marine component is its close linkage to the PEEX land-atmosphere component. Only in this way important research challenges related to the coastal processes, such as river freshwater and heat fluxes, melting of the subsea permafrost and the erosion of shoreline, can be adequately addressed.
The development of the PEEX research infrastructure concepts and identification of the research needs are also connected to the EU Horizon2020-BG-09 "Integrated Arctic Observation Systems" (INTAROS; 2016-2021; www.intaros.eu) project coordinated by the Nansen Environmental and Remote Sensing Center, Norway; and it contributes to the Arctic Council's Sustainable Arctic Observation Systems Network (SAON).
Modelling Platform
The purpose of the PEEX Modelling Platfrom (MP) is to support the PEEX observational system and to answer the PEEX scientific questions, which requires a hierarchy and a framework of modern multi-scale models for different elements of the Earth system integrated with the observation system. The PEEX-MP provides a seamless approach that considers several dimensions of the coupling between temporal and spatial scales, a wide range of processes, Earth system components, types of observations and modelling tools, useroriented integrated systems and impact based forecasts and services . In particular, the temporal scales are ranging from minutes (e.g. nowcasting) to decadal and centennial (climate change), while the spatial scales are varying from the regional to a global scale (dowscaling and upscaling). Processes can be of physical, chemical, biological, social or some other character, and they can be occurring in the atmosphere, hydrosphere, pedosphere, biosphere or in other environments. The PEEX-MP models will be validated and constrained by available in-situ and remote sensing data of various spatial and temporal scales.
The MP will be based on a seamless modelling framework from nano-scale modelling to global Earth System Models (ESMs). It will also introduce community-based services for data mining and for demonstrating air pollution events at regional scales. One of the large-scale components of PEEX-MP consists of the EC-Earth ESM (www.ec-earth. org), which combines all relevant PEEX elements (atmosphere-ocean-sea-ice) on the global scale. Downscaling approach is River runoff data could provide long-term time series of variability for many climatic zones. They could also be used to estimate transports of carbon and chemical fluxes. However, river regulation may affect the quality of time series.
Methane emissions from tundra lakes
Are not well studied and the existing data have high uncertainties. Furthermore, climatic change affects the fluxes. To obtain a more comprehensive view, emissions from wetlands and peats should be included. Existing measurement time series need to be maintained. Combination with remote sensing measurements would provide an extended spatial coverage. Short targeted field campaigns are also necessary, and could be associated with the PEEX education component. realized with the Enviro-HIRLAM (seamless online integrated coupled meteorologychemistry-aerosols) modelling system, which can be subsequently run on hemispheric-regional-subregional-urban scales by producing simultaneously 3D meteorology and atmospheric composition . For example, for large eddy simulations (LES), the UCLALES-SALSA (Tonttila et al. 2017) , PALM, and LESNIC models can be used for large scale applications with sectional aerosol module included, for simulations of atmospheric and oceanic flows, and for simulation of stably stratified planetary boundary layer, respectively (Esau 2014).
The overall list of MP models is available at https://www.atm.helsinki.fi/peex/index. php/modelling-tools-demonstration, where each model has a short description and information on available modes for the model runs, components and processes, which are covered by the model and corresponding list of references. A series of models/ modules is available in PEEX-MP framework. These models can be used to simulate organic compounds, sulfuric acid and aerosols; surface energy in urban or natural environments and water balance; tropospheric gas-phase and aerosol physical and chemical processes at multiple scales; atmosphere-vegetation interactions; coupling of the atmosphere, ocean and land surface through the exchange of energy, momentum, water and important trace gases; and coupling of the ocean and sea ice at various scales. There are also processbased models for simulating methane emissions from natural/ managed wetlands; crop photosynthesis, respiration and other processes involved in crop growth and carbon/ nitrogen dynamics in soils; hydrobiogeochemical gaseous carbon and nitrogen emissions and hydrologic nitrogen losses from a catchment; biosphereatmosphere-hydrosphere exchange processes at site, local, and regional scales, etc. Finally, there are MP models in support of research on atmospheric circulation and composition from global to local scales; inverse modeling of GHG emissions; atmospheric transport, dynamics, dispersion and deposition at global-hemisphericregional-other scales for air pollution and climatic environmental studies; and inverse modeling with data assimilation framework.
The key issues for the PEEX modelling framework are anthropogenic emissions; permafrost effects; carbon dioxide and methane; ecosystem carbon cycle; short lived pollutants and climate forcers; BVOC emissions; forest fires and their effects; aerosol formation in Arctic and Siberia; aerosol radiative forcing; air pollutionecosystem feedbacks; dynamics of ocean and sea ice; and high impact events.
EDUCATION
Within PEEX we have recognized the need of discipline-tied fundamental education as a backbone for multidisciplinary research. However, also shift towards multidisciplinarity in education is imperative for a successful career in climate and global change science (Nordic Climate Change Research 2009). Based on the experiences in educating several generations of students during the past 20 years in the Nordic research community, we have developed a model to improve the learning outcomes in multidisciplinary atmospheric sciences. The model is a result of work including pedagogical experiments, utilization of modern technologies (Junninen et al. 2009 ), workshops for teachers and supervisors and, most importantly, organizing a long series of multidisciplinary hands-on researchintensive short courses for graduate students. The PEEX community has been actively involved in organizing special events, such as Young Scientist Summer Schools (YSSS); research training intensive courses on modelling, observations and data analysis; and the series of education workshops in the framework of InterCarto conferences. During such events, young researchers have the opportunity to attend lectures and participate in practical exercises showing their personal skills in doing research. For that, for example, practical exercises are developed as independent small-scale research projects (Mahura et al. 2012 ). Such approach is problem-based learning (Duch et al. 2001 The PEEX education roadmap includes the following main components: (i) labeled and themed research-intensive international interdisciplinary short courses; (ii) introduction of a dedicated Pan-Eurasian mobility programme for MSc and PhD students and postdocs; (iii) development of new educational tools based on pedagogical research done in the PEEX community; (iv) development of joint online courses and massive open online courses (MOOCs); (v) sharing good practices and benchmarking done in dedicated PEEX education workshops; and (vi) encouraging partners to seek for bilateral funding to develop education and to increase mobility.
CONCLUSIONS
As a whole, the Pan-Eurasian Experiment is an active contributor and a collaborator in the international research and research infrastructure landscape. The main international partners and collaborators are the Future Earth and Future Earth iLEAPS, Arctic Council AMAP and SAON WGs, GEO -GEOSS Cold regions (PEEXthe in situ observations activity), U-Arctic, IIASA and WMO GAW program. PEEX is also closely connected to International Eurasian Academy -European Center and the DBAR (Digital Belt and Road) Initiative, which are interested to provide a big data platform on Earth observation from China and countries along the new Silk Road -Belt and Road area. PEEX has released a program agenda and is currently finalizing the conceptual design of PEEX-relevant research infrastructures. The program is currently calling for financial support from the European Union, Russian and Chinese basic funding organizations to implement the program at a large scale. The implementation of the PEEX program would make significant impact on the sustainable development of the Northern societies and China. 
